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Abstract
Spin-polarized current effect is studied on the static and dynamic mag-
netization of the antiferromagnet in a ferromagnet–antiferromagnet junc-
tion. The macrospin approximation is generalized to antiferromagnets.
Canted antiferromagnetic configuration and resulting magnetic moment
are induced by an external magnetic field. The resonance frequency and
damping are calculated, as well as the threshold current density corre-
sponding to instability appearance. A possibility is shown of generating
low-damping magnetization oscillations in terahertz range. The fluctua-
tion effect is discussed on the canted antiferromagnetic configuration.
1 Introduction
The discovery of the spin transfer torque effect in ferromagnetic junctions
under spin-polarized current [1, 2] has stimulated a number of works in
which such effects were observed as switching the junction magnetic con-
figuration [3], spin wave generation [4], current-driven motion of magnetic
domain walls [5], modification of ferromagnetic resonance [6], etc. It is well
known that spin torque transfer from spin-polarized electrons to lattice
leads to appearance of a negative damping. At some current density, this
negative damping overcomes the positive (Gilbert) damping with occur-
ring instability of the original magnetic configuration. The corresponding
current density is high enough, of the order of 107 A/cm2. This, naturally,
stimulates attempts to lower this threshold. Various ways were proposed,
such as using magnetic semiconductors [7], in which the threshold cur-
rent density can be lower down to 105–106 A/cm2 because of their low
saturation magnetization. However, using of such materials requires, as
a rule, low temperatures because of low Curie temperature. Besides, the
ferromagnetic resonance frequency is rather low in this case.
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Figure 1: Scheme of the ferromagnet (FM)–antiferromagnet (AFM) junction;
NM being a nonmagnetic layer. The main vector directions are shown.
In connection with these difficulties, the other approaches were pro-
posed, based on high spin injection [8] or joint action of external magnetic
field and spin-polarized current [9, 10]. It seems promising, also, using
magnetic junction of ferromagnet–antiferromagnet type, in which the fer-
romagnet (FM) acts as an injector of spin-polarized electrons. The anti-
ferromagnetic (AFM) layer, in which the magnetic sublattices are canted
by external magnetic field, may have very low magnetization that pro-
motes low threshold [11]. The AFM resonance frequency may be both
low and high reaching 1012 s−1, i.e. terahertz (THz) range. However,
investigation and application of THz resonances is prevented because of
their large damping. Such a damping in ferromagnetic junctions can be
suppressed, as mentioned above, by means of spin-polarized current. The
question arises about possibility of such a suppression in FM–AFM junc-
tions. Note, that this problem has been paid attention of a number of
authors [12]–[20].
2 The equations of motion
Let us consider a FM–AFM junction (Fig. 1) with current flowing per-
pendicular to layers, along x axis. An external magnetic field is parallel
to the FM magnetization and lies in the layer plane yz. The simplest AF
model is used with two equivalent sublattices.
The AFM energy (per unit area), with uniform and nonuniform ex-
change, anisotropy, external magnetic field, demagnetization and the sd
exchange interaction of the conduction electrons with the magnetic lattice
taking into account, takes the form [21]
2
W =
∫ LAFM
0
dx
{
Λ(M1 ·M2) +
1
2
α
{(
∂M1
∂x
)2
+
(
∂M2
∂x
)2}
+α′
(
∂M1
∂x
·
∂M2
∂x
)
−
1
2
β
{
(M1 · n)
2 + (M2 · n)
2
}
− β′(M1 · n)(M2 · n)
−((M1 +M2) ·H)− αsd((M1 +M2) ·m) + 2pi(M1 +M2)
2
x
}
, (1)
where M1, M2 are the sublattice magnetization vectors, Λ is the uni-
form exchange constant, α, α′ are the intrasublattice and intersublattice
nonuniform exchange constants, respectively, β, β′ are the corresponding
anisotropy constants, n is the unit vector along the anisotropy axis, H is
the external magnetic field, m is the conduction electron magnetization,
αsd is the dimensionless sd exchange interaction constant; the last term
describes demagnetization effect. The integral is taken over the AFM
layer thickness LAFM . We are interested in the spin-polarized current
effect on the AFM layer, so we consider a case of perfect FM injector with
pinned lattice magnetization and without disturbance of the electron spin
equilibrium, that allows to not include the FM layer energy in Eq. (1).
Two mechanisms are known of the spin-polarized current effect on
the magnetic lattice, namely, spin transfer torque (STT) [1, 2] and an
alternative mechanism [22, 23] due to the spin injection and appearance of
nonequilibrium population of the spin subbands in the collector layer (this
is AFM layer, in our case). In the case of antiparallel relative orientation
of the injector and collector magnetization vectors, such a state becomes
energetically unfavorable, so that the antiparallel configuration switches
to parallel one (such a process in FM junction is considered in detail in
review [24]). The latter mechanism is described with the sd exchange
term in Eq. (1). As to the former mechanism, it is of dissipative character
(it leads to negative damping), so that it is taken into account by the
boundary conditions (see below), not the Hamiltonian.
The equations of the sublattice motion with damping taking into ac-
count take the form
∂Mi
∂t
−
κ
M0
[
Mi ×
∂Mi
∂t
]
+ γ
[
Mi ×H
(i)
eff
]
= 0 (i = 1, 2), (2)
where M0 is the sublattice magnetization, κ is the damping constant,
H
(i)
eff = −
δW
δMi
(i = 1, 2) (3)
are the effective fields acting on the corresponding sublattices.
From Eqs. (1)–(3) the equations are obtained for the total magnetiza-
tion M = M1 +M2 and antiferromagnetism vector L = M1 −M2:
3
∂M
∂t
−
1
2
κ
M0
{[
M×
∂M
∂t
]
+
[
L×
∂L
∂t
]}
+γ [M×H] + γ [M×Hd] + γ [M×Hsd]
+
1
2
γ(β + β′)(M · n)[M× n] +
1
2
γ(β − β′)(L · n)[L× n]
+
1
2
γ(α+ α′)
[
M×
∂2M
∂x2
]
+
1
2
γ(α− α′)
[
L ×
∂2L
∂x2
]
= 0, (4)
∂L
∂t
−
1
2
κ
M0
{[
L×
∂M
∂t
]
+
[
M×
∂L
∂t
]}
+γ [L×H] + γ [L×Hd] + γ [L×Hsd]− γΛ [L×M]
+
1
2
γ(β + β′)(M · n)[L× n] +
1
2
γ(β − β′)(L · n)[M× n]
+
1
2
γ(α+ α′)
[
L×
∂2M
∂x2
]
+
1
2
γ(α− α′)
[
M×
∂2L
∂x2
]
= 0, (5)
where Hd = −4pi{M1x +M2x, 0, 0} is the demagnetization field,
Hsd(x) =
δ
δM(x)
∫ LAFM
0
dx′
(
M(x′) ·m(x′)
)
(6)
is the effective field due to sd exchange interaction. This field determines
the spin injection contribution to the interaction of the conduction elec-
trons with the antiferromagnet lattice.
To find Hsd(x) field, the conduction electron magnetization m(x) is
to be calculated. The details of such calculations are presented in our
preceding papers [25, 9]. Here we adduce the result for the case, where
the antiferromagnet layer thickness LAFM is small compared to the spin
diffusion length l with the current flow direction corresponding to the
electron flux from FM to AFM:
m = (m+∆m)Mˆ, ∆m =
µBτQj
eLAFM
(
Mˆ(0) · MˆF
)
, (7)
where m is the equilibrium (in absence of current) electron magnetization,
∆m is the nonequilibrium increment due to current, Mˆ = M/|M| is the
unit vector along the AFM magnetization, MˆF is the similar vector for
FM, µB is the Bohr magneton, e is the electron charge, τ is the electron
spin relaxation time, j is the current density.
It should have in mind in varying the integral (6), that the electron
magnetization m depends on the vector M orientation relative to the FM
magnetization vector MF . From Eqs. (6)and (7) we have [9]
Hsd = αsdmMˆ+ αsd
µBτQj
eLAFM
Mˆ+ αsd
µBτQj
e
MˆF δ(x− 0). (8)
By substitution (8) into (4) and (5), we obtain
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∂M
∂t
−
1
2
κ
M0
{[
M×
∂M
∂t
]
+
[
L×
∂L
∂t
]}
+γ [M×H] + γ [M×Hd] + γαsd
µBτQj
e
[
M× MˆF
]
δ(x− 0)
+
1
2
γ(β + β′)(M · n)[M× n] +
1
2
γ(β − β′)(L · n)[L × n]
+
1
2
γ(α+ α′)
[
M×
∂2M
∂x2
]
+
1
2
γ(α− α′)
[
L×
∂2L
∂x2
]
= 0, (9)
∂L
∂t
−
1
2
κ
M0
{[
L ×
∂M
∂t
]
+
[
M×
∂L
∂t
]}
+γ [L ×H] + γ [L×Hd] + γαsd
µBτQj
e
[
L× MˆF
]
δ(x− 0)
−γ
(
Λ−
αsdm
M
−
αsdµBτQj
eLAFMM
)
[L ×M]
+
1
2
γ(β + β′)(M · n)[L × n] +
1
2
γ(β − β′)(L · n)[M× n]
+
1
2
γ(α+ α′)
[
L ×
∂2M
∂x2
]
+
1
2
γ(α− α′)
[
M×
∂2L
∂x2
]
= 0. (10)
3 The boundary conditions
The equations of motion (9) and (10) contain derivative over the space
coordinate x. Therefore, boundary conditions at the AFM layer surfaces
x = 0 and x = LAFM are need to find solutions. The way of derivation
was described in Ref. [9] in detail. The conditions depend on the electron
spin polarization and are determined by the continuity requirement of the
spin currents at the interfaces.
The terms with the space derivative in Eq. (9) may be written in the
form of a divergency:
1
2
γ(α+ α′)
[
M×
∂2M
∂x2
]
+
1
2
γ(α− α′)
[
L×
∂2L
∂x2
]
=
∂
∂x
{
1
2
γ(α+ α′)
[
M×
∂M
∂x
]
+
1
2
γ(α− α′)
[
L×
∂L
∂x
]}
≡
∂JM
∂x
. (11)
The JM vector is the lattice magnetization flux density.
Let us integrate Eq. (9) over x within narrow interval 0 < x < ε with
subsequent passing to ε→ +0 limit. Then only the mentioned terms with
the space derivative and the singular term with delta function will con-
tribute to the integral. As a result, we obtain an effective magnetization
flux density with sd exchange contribution at the AFM boundary x = +0
taking into account:
Jeff (+0) = JM (+0) + γαsd
µBτQj
e
[
M(+0)× MˆF
]
. (12)
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The magnetization flux density coming from the FM injector is
J(−0) =
µBQ
e
jMˆF . (13)
The component J‖ =
(
J(−0) · Mˆ(+0)
)
Mˆ(+0) remains with the elec-
trons, while the rest,
J⊥ = J(−0)− J‖ =
µBQ
e
j
{
MˆF − Mˆ(+0)
(
MˆF · Mˆ(+0)
)}
= −
µBQ
eM2
j
[
M(+0)×
[
M(+0)× MˆF
]]
, (14)
is transferred to the AFM lattice owing to conservation of the magnetiza-
tion fluxes [1, 2].
By equating the magnetization fluxes (12) and (14), we obtain
JM = −
µBQ
eM2
j
[
M×
[
M× MˆF
]]
− γαsd
µBτQ
e
j
[
M× MˆF
]
, (15)
all the M vectors being taken at x = +0.
Since the AFM layer thickness is small compared to the spin diffusion
length and the exchange length, we may use the macrospin approximation
which was described in detail in Ref. [9]. In this approximation, the
magnetization changes slowly within the layer thickness. This allows to
write
∂JM
∂x
≈
JM (LAFM )− JM (+0)
LAFM
= −
JM(+0)
LAFM
, (16)
because the magnetization flux is equal to zero at the interface between
AFM and the nonmagnetic layer closing the electric circuit, JM (LAFM ) =
0. This allows to exclude the terms with space derivative from Eq. (9).
In the rest terms, M(x, t) and L(x, t) quantities are replaced with their
values at x = 0. Then Eq. (9) takes a more simple form:
∂M
∂t
−
1
2
κ
M0
{[
M×
∂M
∂t
]
+
[
L×
∂L
∂t
]}
+γ [M×H] + γ [M×Hd]
+
1
2
γ(β + β′)(M · n)[M× n] +
1
2
γ(β − β′)(L · n)[L × n]
+K
[
M×
[
M× MˆF
]]
+ P
[
M× MˆF
]
= 0, (17)
where
K =
µBQ
eLAFMM2
j, P =
γαsdµBτQ
eLAFM
j. (18)
The term with delta function does not present here, since it is taken into
account in the boundary conditions.
Now we are to use again the macrospin approximation to exclude the
space derivatives from Eq. (10), too.
Owing to known relationships [21] between M and L vectors, namely,
M2 + L2 = 4M20 and (M · L) = 0, we have the following conditions:(
M ·
∂M
∂t
)
+
(
L ·
∂L
∂t
)
= 0,
(
L ·
∂M
∂t
)
+
(
M ·
∂L
∂t
)
= 0. (19)
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By substituting Eqs. (10) and (17) in (19) we find that conditions (19)
are fulfilled if the terms in (10)
1
2
γ(α+ α′)
[
L×
∂2M
∂x2
]
+
1
2
γ(α− α′)
[
M×
∂2L
∂x2
]
≡ X (20)
satisfy the following equations:
(X ·M) +K
(
L ·
[
M×
[
M× MˆF
]])
+ P
(
L ·
[
M× MˆF
])
= 0,
(X · L) = 0. (21)
Let us decompose the considered X vector on three mutually orthog-
onal vectors:
X = aM+ bL+ cγ [L×M] . (22)
The substitution (22) in (21) gives a = K
(
L · MˆF
)
−P
(
[L×M] · MˆF
)
,
b = 0. As to c coefficient, it is a current-induced correction to the co-
efficient of γ[L ×M] term in Eq. (10), i. e., a correction to the uniform
exchange constant Λ. Let us estimate the correction. Multiplying (22)
scalarly by [L ×M] with (20) taking into account gives
c =
1
M2L2
(
[L×M] ·
{
1
2
γ(α+ α′)
[
L×
∂2M
∂x2
]
+
1
2
γ(α− α′)
[
M×
∂2L
∂x2
]})
=
1
2
{
(α+ α′)
1
M2
(
M ·
∂2M
∂x2
)
− (α− α′)
1
L2
(
L ·
∂2L
∂x2
)}
. (23)
It is seen that c ∼ α/L2AFM , while Λ ∼ α/a
2, where a is the lattice
constant [21]. Since LAFM ≫ a, the mentioned correction to Λ may be
neglected.
As a result, Eq. (10) takes the form
∂L
∂t
−
1
2
κ
M0
{[
L ×
∂M
∂t
]
+
[
M×
∂L
∂t
]}
+γ [L ×H] + γ [L×Hd]−
(
γΛ−
P
M
)
[L×M]
+
1
2
γ(β + β′)(M · n)[L × n] +
1
2
γ(β − β′)(L · n)[M× n]
+K
[
L×
[
M× MˆF
]]
−P
1
M2
[
[L×M]×
[
M× MˆF
]]
= 0. (24)
Here, Λ constant contains also the equilibrium contribution of the con-
duction electrons −αsdm/M .
Equations (17) and (24) are the result of applying the macrospin con-
cept to AFM. It is shown that such an approximation may be justified
formally for AFM layer. Earlier, it was justified for FM layers [1, 2] and
generalized [9] with spin injection taking into account. The macrospin
approach corresponds well to experimental conditions and simplifies cal-
culations substantially. The terms with K coefficient in Eqs. (17), (24)
describe effect of STT mechanism, while the terms with P coefficient take
the spin injection effect into account.
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4 The magnetization wave spectrum and
damping
We assume that the easy anisotropy axis lies in the plane of AFM layer
and is directed along y axis, the FM magnetization vector is parallel to
the positive direction of z axis, the external magnetic field is parallel to z
axis too (see Fig. 1).
We are interesting in behavior of small fluctuations around the steady
stateM = {0, 0, Mz}, L = {0, Ly , 0}, i. e. the small quantitiesMx, My , M˜z =
Mz −Mz, Lx, L˜y = Ly − Ly , Lz.
Let us project Eqs. (17), (24) to the coordinate axes and take the
terms up to the first order. The zero order terms are present only in the
projection of Eq. (24) to x axis. They give
Mz =
Hz +
P
γ
Λ+
1
2
(β − β′)
≈
Hz +
P
γ
Λ
,
Ly = ±
√
4M20 −M
2
z ≈ ±2M0. (25)
Note that the spin-polarized current takes part in creating magnetic
moment together with the external magnetic field due to the spin injection
induced interaction of the electron spins with the lattice [22, 23], which
P parameter in Eq. (25) corresponds to. Such an interaction leads to
appearance of an effective magnetic field parallel to the injector magneti-
zation. As a result, a canted antiferromagnet configuration may be create
without magnetic field. However, such a configuration corresponds to
parallel orientation of FM and AFM layers, M‖MF . As is shown below,
the instability does not occur with this orientation, so that an external
magnetic field is to be applied to reach instability.
With Eq. (25) taking into account, the equations for the first order
quantities take the form
∂Mx
∂t
−
1
2
κ
M0
{
−Mz
∂My
∂t
+ Ly
∂Lz
∂t
}
+ (γHz + P )My
−
1
2
γ(β + β′)MzMy −
1
2
γ(β − β′)LyLz +KMzMx = 0, (26)
∂My
∂t
−
1
2
κ
M0
Mz
∂Mx
∂t
− (γHz + P + 4piγMz)Mx +KMzMy = 0, (27)
∂M˜z
∂t
+
1
2
κ
M0
Ly
∂Lx
∂t
+
1
2
γ(β − β′)LyLx = 0, (28)
∂Lx
∂t
−
1
2
κ
M0
{
Ly
∂M˜z
∂t
−Mz
∂L˜y
∂t
}
− γHz
Ly
Mz
M˜z = 0, (29)
∂L˜y
∂t
−
1
2
κ
M0
Mz
∂Lx
∂t
−
1
2
γ(β − β′)MzLx = 0, (30)
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∂Lz
∂t
+
1
2
κ
M0
Ly
∂Mx
∂t
+(γHz +P +4piγMz)
Ly
Mz
Mx +KMzLz = 0. (31)
The set of equations (26)–(31) splits up to two mutually independent
sets with respect to (Mx, My , Lz) and (Lx, L˜y, M˜z). They describe two
independent spectral modes, one of them corresponds to precession of the
AFMmagnetization vector around the magnetic field, while another to pe-
riodic changes of the vector length along the magnetic field. We begin with
the spectrum and damping of the first mode. We consider monochromatic
oscillation with ω angular frequency and put Mx, My , Lz ∼ exp(−iωt).
Then we obtain from Eqs. (26), (27), (31)
(
−iω +KMz
)
Mx +
{
γHz + P −
1
2
γ(β + β′)Mz −
1
2
iκω
M0
Mz
}
My
−
{
1
2
γ(β − β′)−
1
2
iκω
M0
}
LyLz = 0, (32)
(
−iω +KMz
)
My −
{
γHz + P + 4piγMz −
1
2
iκω
M0
Mz
}
Mx = 0, (33)
(
−iω +KMz
)
Lz +
{
γ(Λ + 4pi) +
1
2
γ(β − β′)−
1
2
iκω
M0
}
LyMx = 0.
(34)
Note that aforementioned additivity (in the algebraic sense, the sign
taking into account) of the external magnetic field and the injection-driven
effective field takes place not only in the steady magnetization (25), but
also in the oscillations of the magnetization and antiferromagnetism vec-
tors, so that both fields appear in Eqs. (32), (33) “on an equal footing”.
Usually, Λ ≫ 4pi, β, β′. With these inequalities and stationary so-
lution (25) taking into account we find the dispersion relation for the
magnetization oscillation
(1 + κ2)ω2 + 2iνω − ω20 = 0, (35)
where
ω0 =
√
2γ2HAHE + (KMz)2 + (γHz + P )2, (36)
ν = κγHE +KMz, (37)
HE = ΛM0 is the exchange field, HA = (β−β
′)M0 is the anisotropy field.
Formulae (36) and (37) (without current termsKMz and P ) coincide with
known ones [21, 26]. AtHE ∼ 10
6–107 G,HA ∼ 10
3 G we have oscillations
in THz range, ω0 ∼ 10
12 s−1. In absence of current the damping is rather
high: at κ ∼ 10−2
ν
ω0
= κ
√
HE
2HA
∼ 1. (38)
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Let us consider the contribution of spin-polarized current to the fre-
quency and damping of AFM resonance. At first we consider STT mech-
anism effect [1, 2]. According to (18) and (25),
KMz =
µBQΛ
eLAFMHz
j. (39)
At Hz < 0, that corresponds to direction of the magnetic field (and,
therefore, the AFM magnetization) opposite to the FM magnetization,
this quantity is negative. The total attenuation becomes negative also
(an instability occurs), if
j >
eκγM0|Hz|LAFM
µBQ
≡ j0. (40)
At κ ∼ 10−2, γM0 ∼ 10
10 s−1, |Hz| ∼ 10
2 G, LAFM ∼ 10
−6 cm, Q ∼ 1
we have j0 ∼ 10
5 A/cm2. At j near to j0 weakly damping THz oscilla-
tion can be obtained. At j > j0, instability occurs which may lead to
either self-sustained oscillations, or a dynamic stationary state. The lat-
ter disappears with the current turning off. To answer the question about
future of the instability it is necessary to go out the scope of the linear
approximation.
The spin-polarized current contributes also to the oscillation frequency.
At the mentioned parameter values, we have |KMz| ∼ 10
12 s−1 that is
comparable with the frequency in absence of the current. This allows
tuning the frequency by the current or excite parametric resonance by
means of the current modulation.
5 Current-induced spin injection effect
Now let us discuss the injection mechanism effect [22, 23]. As mentioned
before, the role of the mechanism is reduced to addition of an effective
field P/γ to the external magnetic field. At reasonable parameter values,
that field is much less than the exchange field HE, so that it does not
influence directly the eigenfrequency (36). Nevertheless, that field can
modify substantially the contribution of the STT mechanism, because
Eq. (39) with (25) taking into account now takes the form
KMz =
µBQΛ
eLAFM (Hz + P/γ)
j. (41)
Such a modification leads to substantial consequences. At Hz < 0, P <
γ|Hz| the instability threshold (40) is lowered, since |Hz|−P/γ difference
appears now instead of |Hz|. If, however, P > γ|Hz| then the AFM
magnetization steady state
Mz =
Hz + P/γ
Λ
(42)
becomes positive that corresponds to the parallel (stable) relative orienta-
tion of the FM and AFM layers. In this case, the turning on current leads
to switching the antiparallel configuration (stated beforehand by means
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of an external magnetic field) to parallel one. With turning off current,
the antiparallel configuration restores.
Since the mentioned injection-driven field depends on the current (see (18)),
the instability condition (40) is modified and takes the form
j0
1 + η
< j <
j0
η
, (43)
where η = αsdκγM0τ , j0 being defined with Eq. (40). In absence of
the injection mechanism, this condition reduces to (40). Under rising
role of this mechanism we have lowering the instability threshold, on the
one hand, and the instability range narrowing, on the other hand. At
j > j0/η the antiparallel configuration switches to parallel one. The
relative contribution of the injection mechanism is determined with η
parameter. At typical values, αsd ∼ 10
4, κ ∼ 10−2, γM0 ∼ 10
10 s−1,
τ ∼ 10−12 s, this parameter is of the order of unity, so that the injection
effect may lower noticeably the instability threshold.
Now let us return to the set of equations (26)–(31) and consider the
second mode describing with Eqs. (28)–(30). The current influences this
mode by changing steady magnetization Mz due to the injection effective
field effect (see (26)), while the STT mechanism does not influence this
mode. A calculation similar to previous one gives the former dispersion
relation (35), but now
ω20 = 2γ
2HEHA
γHz
γHz + P
, (44)
ν = κγHE
γHz
γHz + P
. (45)
AtHz < 0, P > |Hz|, that corresponds to current density j > j0/η, the
total attenuation becomes negative, while the frequency becomes imagi-
nary, that means switching the antiparallel configuration to parallel one.
Thus, current does not cause instability of that mode.
6 Easy plane type antiferromagnet
Let us consider briefly the situation where AFM has easy-plane anisotropy.
We take the AFM layer yz plane as the easy plane and x axis as the (hard)
anisotropy axis. The magnetic field, as before, is directed along z axis.
Without repeating calculations, similar to previous ones, we present
the results. A formal difference appears only in Eq. (36) for the eigenfre-
quency ω0 of the first of the modes considered above. We have for that
frequency
ω0 =
√
(γHz + P )2 + (KMz)2. (46)
The damping has the former form (37), so that the instability threshold
is determined with former formula (43).
In absence of the current (K = 0, P = 0) with not too small damping
coefficient κ, the frequency appears to be much less than damping, so
that the corresponding oscillations are not observed. The current effect
increases the frequency, on the one hand, and decreases the damping (at
Hz < 0), on the other hand, that allows to observe oscillation regime.
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7 Fluctuation effect
It follows from Eq. (43) that the threshold current density is proportional
to the external magnetic field strength |Hz| and decreases with the field. A
question arises about permissible lowest limit of the total field |Hz|+P/γ.
In accordance with Eq. (25), such a limit may be the field which create
magnetization |Mz| comparable with its equilibrium value due to thermal
fluctuations. Let us estimate this magnetization and the corresponding
field.
The AFM energy change in V volume under canting the sublattice
magnetization vectors with θ < 180◦ angle between them is
∆E = ΛM20 (1− cos θ)V =
1
2
ΛVM2z , (47)
the anisotropy energy being neglected compared to the exchange energy.
The equilibrium value of the squared magnetization is calculated using
the Gibbs distribution:
〈M2z 〉 =
∞∫
−∞
M2z exp
(
−
ΛVM2z
2kT
)
dMz
∞∫
−∞
exp
(
−
ΛVM2z
2kT
)
dMz
=
kT
ΛV
(48)
(strictly speaking, the magnetization may be changed within (−2M0, 2M0)
interval, however, ΛV M20 ≫ kT , so that the integration limits may be
taken infinity).
To observe the effects described above, the magnetization Mz which
appears under joint action of the external field and the current (see (25))
should exceed in magnitude the equilibrium magnetization 〈M2z 〉
1/2. At
the current density j = j0/(1+η) corresponding to the instability thresh-
old, this condition is fulfilled at magnetic field
|Hz| >
√
ΛkT
V
(1 + η) ≡ Hmin. (49)
At Λ ∼ 104, η ∼ 1, LAFM ∼ 10
−6 cm and lateral sizes of the switched
element 10 × 10µm2 we have V ∼ 10−12 cm3 and Hmin ≈ 30 G at room
temperature. This limit can be decreased under larger element size.
It should be mentioned also about other mechanisms of AFM canting.
The most known and studied one is the relativistic Dzyaloshinskii–Moria
effect (see, e.g. [21, 27]). Besides, possible mechanisms have been discussed
due to competition between sd exchange and direct exchange interaction
of the magnetic ions in the lattice [28]. At the same time, there are no
indications, to our knowledge, about measurements of canting in conduc-
tive AFM. So, present theory is related to conductive AFM, in which the
lattice canting is determined with external magnetic field.
8 Conclusions
The obtained results show a principal possibility of controlling frequency
and damping of AMF resonance in FM–AFM junctions by means of spin-
polarized current. Under low AFM magnetization induced by an external
12
magnetic field perpendicular to the antiferromagnetism vector, the thresh-
old current density corresponding to occurring instability is less substan-
tially than in the FM–FM case. Near the threshold, the AFM resonance
frequency increases, while damping decreases, that opens a possibility of
generating oscillations in THz range.
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